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Role of age in prognosis of coronary artery disease
. There
is no doubt that age is a major factor that influences
prognosis in symptomatic patients with coronary artery
disease . The American Heart Association (1) estimates that
55% of all patients who experience a myocardial
infarction
are z65 years old ; of those who die, approximately four of
five are >65 years old. Also, among the elderly,
women are
twice as likely as men to die within several weeks of their
infarction
(1). In the Seattle Heart Watch cooperative study
(2),
Cox regression analysis for 733 medically treated pa-
tients with coronary artery disease showed that the left
ventricular ejection fraction was most predictive of
survival
(x5 = 48 .54), followed by age ()e
= 17.16), number of vessels
with z70% stenosis ( 2 = 7.36) and ventricular arrhythmia
on the rest electrocardiogram Q1 = 4 .46). in that nonran-
domized study (2),
patients >58 years old had a greater
survival benefit with coronary bypass surgery than did
younger patients.
High risk left main ('~50%
stenosis) or three-vessel
(z71)% stenosis) coronary artery disease is more prevalent in
elderly patients who present with anginal
symptoms and no
history of prior infarction than in their younger counterparts
.
Data from the Coronary Artery Surgery Study (CASS) (3)
revealed a 73% prevalence of left main or three-vessel
disease in patients ?70 years old characterized as having
"definite angina" compared with a 46% prevalence of these
high risk angiographic findings in patients 50 to 59 years old
.
Elderly men z70 years old who were classified as having
"nonspecific chest pain" by the CASS
investigators and
were referred for catheterization had an approximate 50%
prevalence of underlying multivessel coronary artery dis-
ease . The nonrandomized CASS registry
analysis (4) also
showed that coronary artery bypass surgery had
a beneficial
effect on survival in patients with angina who were >65
years old . The survival rate at 6 years was 80% for the
surgical cohort (including a 4 .9% opeati
a mortality rate)
and 63% for the medical group
. In patients 70 to 74 years old,
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the cumulative 6-year survival rah: was 77% for surgically
and 5i ,;i• ;or meditaay ireaied patients (4). In the random-
ized European Coronary Surgery Study (5), the benefit of
surgical treatment was limited to men >53 years old at 10 to
12 years of follow-up. There was no significant difference
in
survival rates between medically and surgically treated
groups among patients <47 years old or 47 to 53 years old .
The most likely explanation for enhanced suvival
benefit
for revasculanzation surgery
versus medica therapy in
elderly compared with younger patients with
symptomatic
coronary artery disease lies in the cardiac and general health
status of the older patients
. Compared with younger pa-
tients, the elderly are likely to have more extensive and
severe angiogtaphic disease, a higher incidence of poor
infarction, more left ventricular dysfunction and congestive
heart failure and more associated comorbid medical diseases
(such as hypertension, renal disease and diabetes) . The
greater the extent of jeopardized myocardium and baseline
diminution of left ventricular function, the greater
will be the
benefit of surgery compared with medical therapy, even
considering a higher operative mortality rate in the elderly .
Association ni niletk coronary disease with peripheral vas-
cular disease
. A substantial number of elderly patients have
occult high risk coronary artery disease
but are asympto-
matic or have minimal anginal symptoms
. Many present with
manifestations of carotid, peripheral or aortic
vascular dis-
ease (6). Hertzei s review (7) of published studies revealed a
>50% prevalence of associated coronary artery
disease in
patients presenting with either abnominal aortic aneurysms,
carotid artery disease or lower extremity peripheral vascular
disease
. The Cleveland Clinic study (8) showed that 37% of
patients with peripheral vascular disease and no clinical
evidence of coronary artery disease had significant stenotic
lesions on angiography
. Gersh et al . (6) reported a 6.8%
operative mortality ate and a 41% 5-year mortality rate in
patients with suspected coronary artery disease
undergoing
peripheral vascular surgery . Operative
and long-term mor-
tality rates were substantially lower in patients
who had had
coronary bypass surgery before undergoing peripheral vas-
cular surgery
(6). Recently Criqui et al . (9) reported that the
10-year risk of death due to coronary heart disease or
cardiovascu!ardisease was i0 to 15 times greater for patients
with than for those without symptomatic or severe large-
vessel peripheral arterial dises
Even after exclusion of
subjects who had a history of cardiovascular
disease at
baseline, the relative risk among those with peripheral
vascular disease remained significantly elevated .
The aver-
age age of the patients in this follow-up study was 66 years
.
Risk stratification of elderly patients
. How can elderly
patients with suspected coronary artery disease, particularly
those with peripheral vascular disease, be detected? What
procedures will result in cost-effective risk stratification that
will identify those who might benefit from coronary revas-
cularization to reduce the probability of future
cardiac death
or myocardial infarction? It is certain that
elderly patients
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with severe angina who are already on medical therapy and
are otherwise in good medical condition could be referred
directly for coronary angiography . Exercise myocardial per-
fusion imaging with thallium-201 or one of the new lechne-
tium-99m-labeled radionuclides would be an appropriate
initial step in the risk stratification process in patients able to
exercise who have minimal to mild angina, atypical chest
pain or no cardiac symptoms but exhibit certain clinical risk
factors suggesting the presence of occult
coronary artery
disease . High risk exercise scintigraphic variables that have
been shown to identify patients with multivessel disease and
those at increased risk for subsequent cardiac events include
multiple scan segments showing reversible or redistribution-
type defects, perfusion defects in the supply region of two or
three of the major coronary arteries (multivessel ischemic
pattern), increased lung thallium-201 activity and transient
left ventricular cavity dilation (10-14) . Iskandrian et al . (15)
showed that elderly patients could be successfully stratified
into different risk groups on the basis of presence and extent
of exercise-induced thallium-201 perfusion abnormalities .
Among 449 patients with a mean age of 65 years, the number
of segments with thallium-201 defects was I *- 2 in patients
without and 3 ± 2 in patients with a hard event at an average
follow-up interval of 2 years . Exercise stress test variables
that can provide additional prognostic information to these
high risk scintigraphic findings include associated ST seg-
ment depression (aI mm) at a low exercise heart rate or
workload and exercise-induced ventricular arrhythmia
. Cor-
onary angiographic variables appear to add minimal or no
incremental prognostic information to the combined infor-
mation obtained from clinical, exercise stress test and thal-
lium-201 scintigraphic data (14) . Similar observations have
been made (16) in assessing the prognostic value of exercise
radionuclide angiography relative to that of coronary angi-
ography .
Many elderly patients are unable to adequately perform
an exercise test for a variety of reasons, including claudica-
tion, disabling arthritis and cerebrovascular disease with
neurologic deficit or marked orthopedic abnormalities . Phar-
macologic stress myocardial perfusion imaging with intrave-
nous dipyridamole or adenosine infusion has successfully
been employed for detection of physiologically significant
coronary artery disease and for prognostication (10,17-20) .
High risk scintigraphic variables on pharmacologic stress
perfusion scans are similar to those described for exercise
imaging studies. Patients undergoing peripheral vascular or
aortic surgery who demonstrate thallium-201 redistribution
defects preoperatively have a greater incidence of perioper-
ative death or infarction than do patients without such
defects (21). In a study by Eagle et al. (22), thallium-201
redistribution was detected preoperatively in 56% of "clini-
cally high risk" patients referred for major vascular surgery,
and 45% of these patients experienced postoperative isch-
emic events
. Increased lung thallium-201 uptake and tran-
sient left ventricular cavity dilation on dipyridamole thal-
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lium-201 scintigrams are also markers of more extensive
coronary artery disease and :
;tress-induced ischemia (23,24)
.
The present study . The report by Shaw et al . (25) in this
issue of the Journal is an important addition to the cumula-
tive knowledge base being acquired concerning the role of
pharmacologic stress imaging in identifying high risk elderly
patients with advarced coronary artery disease who may
benefit from aggressive invasive intervention . Strengths of
this study are that a rather large number of patients (348)
>_70 years old were evaluated and that the 2-year hard event
rate was high and included 52 cardiac deaths and 24 nonfatal
infarctions . Of the total group, 50% were women, only 27%
had typical angina, 13% had symptoms of congestive heart
failure and 41% were asymptomatic . The overall cardiac
event rate (cardiac death or nonfatal infarction) was 5% for
patients with a normal scan compared with 35% for patients
with an abnormal scan and was higher as the number of
thallium-201 defects increased. By multivariate stepwise
logistic regression analysis of clinical and scintigraphic var-
iables, an abnormal thallium-201 scan was the single best
predictor of cardiac events. Patients with an abnormal scan
were 7.2 times more likely to experience a subsequent
cardiac event than were patients with a normal scan . As
expected, symptoms of congestive heart failure (odds ratio
2.1) and previous infarction (odds ratio 2 .2) were additional
independent predictors of events . Thus, this study provides
additional support for the concept that elderly patients with
functionally high risk coronary disease can be identified by
noninvasive stress imaging.
The study (25) suggests that the dipyridamole thallium .
201 scan may predict subsequent nonfatal infarction . Twenty
(83%) of the 24 patients who had a nonfatal infarction during
follow-up had an abnormal scan at the time of initial entry
;
only 4 (2
.7%) of the 149 patients with a normal scan had a
subsequent infarction
. In recent years, doabt has been cast
on the ability of noninvasive stress perfusion imaging tech-
niques to predict infarction during follow-on . This view is
based on the concept that infarction is just as likely to occur
distal to a stenosis that is <50% narrowed at the time of an
initial diagnostic study as it is to occur distal to one with
>50% narrowing. Little et al . (26) reported that in 66% of
patients who had undergone angiography before and after an
acute myocardial infarction, the initial angiogram showed
<50% stenosis in the artery that subsequently became
occluded . This finding suggests that patients with a subcrit-
ical stenosis at the time of their first angiogram probably
would not have manifested abnormal myocardial perfusion
on an exercise or pharmacologic stress scintigram . In con-
trast, >80% of the elderly patients in the study of Shaw et al .
(25) who had a nonfatal infarction during follow-up demon-
strated abnormal flow reserve on dipyridamole thallium-201
scintigraphy when first evaluated . Conversely, only 3% of
patients with normal dipyridamole thallium-201 images sus-
tained a subsequent nonfatal infarction . This event rate is
similar to that reported for patients with chest pain and
normal exercise scintigrams (27).
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Clinical implications . The study of Shaw et al. (25) and
other similar reports suggest that high and low risk sub-
groups in a heterogeneous population of elderly patients can
be identified with use of noninvasive exercise or pharmaco-
logic stress perfusion imaging. High risk patients, as deter-
mined by noninvasive testing, may indeed benefit from
subsequent invasive evaluation with a view to revasculariza-
tion . These procedures may particularly benefit elderly
patients with peripheral vascular disease and high risk
findings on noninvasive study who have a high rate of
perioperative and long-term cardiac events. With current
advances in surgical technique and intraoperative myocar-
dial protection, octogenerians with multivessel disease and
even significant baseline left ventricular dysfunction can
undergo coronary bypass surgery with a low in-hospital
mortality rate (<6%) and an excellent short-term (3-year)
survival rate (28). Thus, you may never be too old for risk
stratification.
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